Background: Matrix metalloproteinase-9 (MMP-9) is one of the MMPs that play an important role in cancer invasion and metastasis. Increased levels of MMP-9 in tumor tissue have been found to correlate with advanced stages of colorectal cancer. However, the clinical significance of determining the levels of MMP-9 in blood samples from patients with colorectal cancer has not yet been clarified. The purpose of this study was to clarify the relationship between the clinicopathological variables of colorectal cancer and MMP-9 levels of drainage (portal) or peripheral venous blood and to examine whether this assay would be useful for predicting liver metastasis. Methods: Blood samples were obtained from peripheral and drainage veins of 102 patients with colorectal cancer during surgery and the plasma levels of MMP-9 were determined by a one-step sandwich enzyme immunoassay. Results: The levels of portal MMP-9 were significantly higher than those of peripheral blood (P < 0.01, n = 102). The levels of MMP-9 in peripheral venous blood did not correlate with any of the 12 clinicopathological variables examined, while the levels of MMP-9 in portal blood correlated with macroscopic type of the primary tumor (P = 0.02), Dukes' stage (P = 0.03), liver metastasis (P < 0.01) and lymph node metastasis (P = 0.02). By setting the cutoff ratio of portal to peripheral MMP-9 levels at 1.6 in patients with curative resection (n = 73), elevated ratios predicted subsequent emergence of liver metastases with 77.8% sensitivity, 81.3% specificity and 80.8% accuracy.
INTRODUCTION
Matrix metalloproteinase-9 (MMP-9) is one of the MMPs that play an important role in cancer invasion and metastasis by degrading extracellular matrix components and basement membrane (1, 2) . Increased levels of MMP-9 in the tumor tissue, identified by mRNA measurement (3, 4, 5) or zymography (6,7) have been found to correlate with advanced stages of colorectal cancer. Specifically, Zeng and Guillem (8) suggested that activation of MMP-9 may be a pivotal event during the formation of colorectal liver metastasis. The blood levels of MMP-9 in patients with colorectal cancer also have been confirmed to be elevated compared with those of normal subjects (9, 10) . However, correlations between the peripheral blood level of MMP-9 and clinicopathological variables including liver metastasis have not yet been clarified. In addition, to the best of our knowledge, correlations between the level of MMP-9 of drainage venous (portal) blood from colorectal cancer lesions and the clinicopathological variables have not yet been examined, even though the level of MMP-9 in portal blood is thought to be related more closely to the quantity of this enzyme released from cancer lesions than those of the peripheral venous blood.
The purpose of this study was to clarify the relationship between the clinicopathological variables of colorectal cancer and the levels of MMP-9 in portal and peripheral blood and to examine whether determining the levels of MMP-9 in portal and peripheral blood would be useful for selecting patients at high risk of developing liver metastasis. Since we found in this study that the levels of MMP-9 in portal blood were significantly higher than those of peripheral blood, the ratios of portal to peripheral MMP-9 were also determined. We examined the relationship between the ratios of portal to peripheral MMP-9 and clinicopathological factors and found important results.
PATIENTS AND METHODS

PATIENTS
A total of 102 patients who underwent colorectal resection for histologically verified adenocarcinoma between November 1996 and April 1999 were included in this study. Patients' ages ranged from 37 to 87 years (median, 64.8 years) and the male to female ratio was 1.8. Radical surgery for cure was performed in 82 patients (Dukes' A, 15; Dukes' B, 33; Dukes' C, 34) and a palliative resection was selected in 20 Dukes' D patients with massive peritoneal dissemination, lymph node involvement or hematogenous metastases. The description of clinicopathological variables was undertaken according to the rules adopted by the Japanese Research Society for Cancer of the Colon and Rectum (11) or the TNM classification (12) .
COLLECTION OF BLOOD SAMPLES
Blood samples were obtained during laparotomy. Before mobilization of the tumor, peripheral venous and portal blood specimens were collected from all the patients. Peripheral blood was taken from an antecubital venepuncture. The portal blood was collected from the main drainage vein closest to the tumor by inserting a venous catheter. The plasma samples were stored at -40°C until the measurement of MMP-9 concentration. Informed consent was obtained from all the patients.
MEASUREMENT OF MMP-9 LEVEL Plasma MMP-9 concentrations were determined using a previously reported one-step enzyme immunoassay (EIA) employing monoclonal antibodies (Fuji Chemical, Takaoka, Japan) (13, 14) . This assay detects the precursor form proMMP-9, the 83 kDa intermediate form of MMP-9 and their complex forms with tissue inhibitor of metalloproteinase-1 (TIMP-1) instead of the active 67 kDa form. The upper limit of the normal range of plasma MMP-9 was determined to be 64.0 ng/ml, corresponding to the mean + 2SD (standard deviation of the mean) from normal healthy volunteers (n = 20).
FOLLOW-UP
The patients undergoing curative colorectal resection for Dukes' A, B or C tumor were followed-up periodically with clinical and laboratory examinations including ultrasonography and computed tomography and chest X-P performed at intervals of 3-6 months. Of these, four patients developed extrahepatic lesions (lung, 3; local, 1) as the initial site of recurrence 13-24 months postoperatively. Four patients developed extracolonic malignancies (multiple myeloma, 1; primary lung cancer, 2; hepatocellular carcinoma, 1). Death unrelated to colorectal cancer was confirmed in one patient. The other 73 patients remained at risk of development of liver metastasis as the first recurrence site. The median follow-up period of these patients was 41 months (range, 31-60 months) or until death.
STATISTICAL METHODS
Statistical analysis was performed using the software StatFlex (version 5.0; Artech, Osaka, Japan). Data were expressed as means ± standard error (SE) of means. Comparisons of continuous variables between groups were performed by one-way analysis of variance (ANOVA) or Student's t-test. Determining the optimal cutoff value was performed by evaluating receiver operating characteristics (ROC) plots. P-values <0.05 were considered significant.
RESULTS
PLASMA LEVELS OF MMP-9 IN PORTAL AND PERIPHERAL BLOOD
For all patients (n = 102), the plasma levels of peripheral blood were within the range 43.9 ± 4.5 ng/ml. Eighteen out of 102 patients (17.6%) showed plasma level of MMP-9 in peripheral blood greater than the cutoff value (64.0 ng/ml) determined from the healthy volunteers. The plasma levels of MMP-9 in portal blood (66.3 ± 8.6 ng/ml) were significantly higher than those of peripheral blood (P < 0.01, n = 102) ( Table 1) .
CLINICOPATHOLOGICAL VARIABLES AND MMP-9 LEVEL
The level of MMP-9 in peripheral blood did not significantly correlate with the 12 clinicopathological variables age, gender, site of tumor, size of tumor, histological differentiation, depth of tumor invasion, macroscopic type, Dukes' staging, liver metastasis, lymph node metastasis, lymphatic invasion and venous invasion. The plasma level of MMP-9 in portal blood was significantly elevated in patients with type 3 or 4 tumors (P = 0.02), advanced Dukes' stage (P = 0.03), liver metastasis (P < 0.01) and lymph node metastasis (P = 0.02) and tended to be higher in patients with moderately or poorly differentiated Table 1 . Plasma levels of MMP-9 in peripheral and portal blood: mean ± SE* (ng/ml) *SE: standard error. **P < 0.01, paired t-test.
Peripheral blood
Portal blood 43.9 ± 4.5** 66.3 ± 8.6** adenocarcinoma (P = 0.09) ( Table 2 ). The ratio of portal to peripheral MMP-9 levels was higher in patients with moderately or poorly differentiated adenocarcinoma (P = 0.045), liver metastasis (P < 0.01), lymph node metastasis (P = 0.04) and excessive venous invasion (P = 0.02) and tended to be higher in patients with advanced Dukes' stage (P = 0.08) ( Table 3) . Of the 73 patients who were evaluable for recurrence, nine developed liver metastasis as the first recurrence site. The plasma levels of MMP-9 in peripheral blood were not significantly different between patients without recurrence (46.8 ± 5.6 ng/ml, n = 64) and those who developed liver metastasis (20.4 ± 5.1 ng/ml, n = 9) (P = 0.12). The levels in portal blood also were not significantly different between patients without recurrence (57.6 ± 9.0 ng/ml, n = 64) and those who developed liver metastasis (56.8 ± 13.9 ng/ml, n = 9) (P = 0.94). However, the ratio of MMP-9 was significantly higher in patients who developed liver metastasis at the first recurrence site (3.6 ± 1.0, n = 9) than those without recurrence (1.6 ± 0.2, n = 64) (P < 0. 01) (Fig. 1) . The optimal cutoff value of the ratio of portal to peripheral MMP-9 levels for predicting the development of liver metasta- Table 3 . Ratio of portal to peripheral MMP-9 levels and clinicopathological variables Means ± SE. sis was set at 1.6 with 77.8% sensitivity, 81.3% specificity and 80.8% accuracy by evaluating ROC plots (Table 4) .
DISCUSSION
Several researchers (15, 16) have demonstrated that MMP-9 mRNA and protein were localized in colon cancer cells in addition to macrophages and neutrophils. Others (3, (17) (18) (19) reported that MMP-9 mRNA and protein were not found in colon cancer cells but only in macrophages and neutrophils and in the surrounding stromal cells. Despite the conflicting results of the cellular source of MMP-9, elevated blood levels of this protein have been assumed to be a reflection of the enhanced expression associated with colorectal cancer. With regard to the release of MMP-9 from cancerous tissue into the peripheral blood, it has not yet been clarified whether MMP-9 is mainly released into the portal system or the lymphatic system, or both. In the present study, the mean plasma level of the portal blood was significantly higher than that of the peripheral blood. This result indicates that MMP-9 enters the portal blood at least partially via the drainage vein, because theoretically MMP-9 in the portal blood should be the same as in the peripheral blood, if MMP-9 does not enter the portal blood and is mainly drained into the thoracic duct via lymphatics. The other possible explanations for the higher level of MMP-9 in the portal blood are that this protein in the drainage venous blood has not yet been diluted by the whole blood and has not yet been degraded by the liver or by the systemic circulation.
We did not find any correlations between the plasma level of MMP-9 in the peripheral blood and the clinicopathological variables. Although the levels of MMP-9 in the peripheral blood have been known to be elevated in patients with colorectal cancer compared with those of normal subjects (9, 10) , only a few studies investigated the correlation between the blood level of MMP-9 and the clinicopathological variables. According to Öberg et al. (20) , serum levels of MMP-9 did not differ according to Dukes' stage and determining the levels was not useful for predicting the prognosis of patients with colorectal cancer. Sonnante et al. (21) reported that the plasma MMP-9 levels in peripheral blood were not influenced by different histological grades of tumors or by different Dukes' stages. Our results are in agreement with their results, suggesting that the measurement of plasma MMP-9 levels in peripheral venous blood has little importance in the management of colorectal cancer.
In contrast to the plasma levels in peripheral blood, the elevated plasma levels of MMP-9 in portal blood correlated with several pathological factors including infiltrative features of the primary tumor (type 3 or 4), advanced Dukes' stage, presence of liver metastasis and lymph node metastasis. These results suggest that the plasma MMP-9 levels of the portal blood reflect the metastatic status or potential of colorectal cancer more accurately than those of the peripheral venous blood. The exact reasons for the close relationship between the elevated levels of this protein in the portal blood and the several clinicopathological factors associated with metastasis or prognosis are unclear. Perhaps these clinicopathological factors may be associated with the increased quantity of this protein released directly into the liver from cancer lesions. However, in cases when the level of portal MMP-9 is high and the peripheral MMP-9 is similarly increased, we must inevitably conclude that the direct release of the protein into the portal system is not reflected.
Elevated ratios of portal to peripheral MMP-9 levels also correlated with several pathological factors associated with metastatic status or potential when all patients were analyzed. Importantly, when analysis was restricted to patients who had undergone curative surgery, the elevated ratios could be a marker for predicting the emergence of metachronous liver metastasis, but the underlying mechanism is unclear. Although the concept may be much more complex, the following explanations can be proposed. First, the ratio may represent the tendency of MMP-9 to be transported from the primary lesion to the liver via the portal system. Furthermore, the ratio may correlate positively with the number of colorectal cancer cells, which secrete MMP-9 into the portal system and consequently form the liver metastasis. Another explanation is that the MMP-9 production from cancer cells and/or non-malignant cells exceeds the deactivating capability of tissue inhibitor of metalloproteinase-1 (TIMP-1), leading to the formation of liver metastasis. The relationship between the ratio of portal to peripheral MMP-9 levels and the imbalance of MMP-9 to TIMP-1 in the primary lesions deserves further investigation.
The method for determining the optimal cutoff ratio of portal to peripheral MMP-9 levels may be controversial. However, the cutoff ratio determined based on ROC plotting is one of the standard methods and this value subsequently discriminated patients with metachronous liver metastasis from those without recurrence with satisfactory sensitivity, specificity and accuracy. Further collection of cases may be needed to draw conclusions about the optimal cutoff value for predicting the emergence of liver metastasis.
In conclusion, we found that elevated plasma MMP-9 levels of the portal blood reflect the presence of metastatic lesions of colorectal cancer, while no relationship was found between the plasma MMP-9 levels of peripheral blood and various clinicopathological factors. In addition, elevated ratios of portal to peripheral MMP-9 levels predicted the subsequent emergence of liver metastasis. Synchronous determination of the plasma MMP-9 levels of the portal and peripheral blood at curative resection would be useful for selecting colorectal cancer patients at high risk of hepatic recurrence, who may be good candidates for postoperative adjuvant chemotherapy. 
